CONTEXT AND OBJECTIVE: Carotid body tumors, or chemodectomas, are the most common head and neck paragangliomas, accounting for 80% of the cases. They may present minor symptoms; however, they deserve special attention in order to achieve accurate diagnosis and adequate treatment. 
INTRODUCTION
Paragangliomas are tumors located along the human body's sympathetic and parasympathetic chains. They may grow along these fibers, and may be located in various parts of the body, such as the abdomen, chest, mediastinum, retroperitoneum and head and neck regions, but mostly associated with adrenal gland. The head and neck region is the most common site of extra-adrenal paragangliomas, accounting for approximately 70% of the cases, and the carotid body is responsible for the majority of these cases. Because of their location and vascularization, they can pose a great technical challenge for surgeons. 1 These tumors are often benign, presenting slow growth, 2 and are located in the upper cervical region. There is no evidence of gender predominance. They may only present minor symptoms, commonly only a pulsatile mass in the neck. However, they can cause local discomfort, dysphagia, hoarseness, stridor, vertigo and paralysis of the cranial nerves, and sometimes attain large volumes (some authors have described tumors as large as 10 cm). 1 They can be divided into tumors with either sporadic or familial traits. In the sporadic type, bilaterality has been reported in 5 to 10% of the cases. 3 The familial form is manifested through a dominant autosomal gene, and in these cases, bilaterality may reach up to 30%. 4 Recent studies have described a mutation along germinative lines, which may explain the etiology, through identification of six specific genes (RET, VHL, NF1 and subunits of SDH). 4 The hereditary form is mostly correlated with mutations in the SDHD gene. 5, 6 The incidence in the general population is difficult to estimate. However, according to Rodriguez-Cuevas, 7 the incidence in the general population is about 0.01%. Since 1969, when Árias-Stella demonstrated carotid body enlargement in highaltitude Peruvian populations (due to the low oxygen pressure), it has been known that chronic hypoxia is an important factor in the etiology of this neoplasm. 8 The malignant potential is about 6% and the criteria are based on cell atypia, mitosis, local invasions and, especially, by the presence of metastasis.
9-11
The diagnosis is based on clinical history, physical examination, imaging methods (such as ultrasound, computed tomography and magnetic resonance) and vascular evaluations (including angiography, tomographic angiography and magnetic resonance angiography). 12, 13 In this context, based on the Bleeding was measured in our study and was classified as minimal (less than 200 ml), moderate (ranging from 200 to less than 1000 ml) and significant (over 1000 ml), according to the need for blood transfusion. Thus, when the bleeding was minimal, blood transfusion was not needed. In cases of moderate bleeding, one or two red blood cell units were infused. Finally, when the bleeding was significant, more than two red blood cell units were infused. The tumors were divided by means of the Shamblin classification, 8 according to the involvement of the carotid wall and difficulty of surgical resection. Shamblin I was reserved for tumors that were relatively small and easy to resect, with minimal or no adherence to the carotid wall. Shamblin II consisted of tumors with partial involvement of the carotid wall, and Shamblin III completely involved the carotid bifurcation.
All the patients underwent surgical treatment, without embolization or prior radiotherapy. The resection was complete in all patients, with a sub-adventitial avascular approach (Figure 1 ). were incomplete and interrupted because of excessive bleeding. In our service, the diagnosis was suspected preoperatively in all patients, with two exceptions (9%). Consequently, 91%
RESULTS

Our study included two patients with
were managed with predefined surgical planning. Angiography was performed on 15 patients (68.1%), cervical CT scan on 11 (50%), cervical ultrasonography on nine (40.9%), and MRI on five patients (22.7%) (Figures 2 to 4) . The two unsuspected cases, which underwent ultrasonography, had a preoperative diagnosis of branchial cleft cyst and undefined adenopathy. These cases were classified subsequently as Shamblin II and did not have any postoperative sequelae or complications.
All the imaging methods with arterial evaluations (angiography, CT and MRI) were diagnostic for the patients who underwent these examinations, with no wrong preoperative diagnoses.
Ultrasonography was performed on nine patients (40.9%), and was helpful in diagnosing seven cases (77.7%). However, this examination (particularly when there was no Doppler study)
suggested the possibilities of branchial cyst and adenomegaly in two cases that had wrong preoperative diagnoses.
Fine needle aspiration (FNA) was performed on five patients (35.7%), and was suggestive of the diagnosis in four cases (80%).
In one of the patients, who also underwent ultrasonography without a Doppler study, FNA erroneously diagnosed a branchial cyst.
During the surgical procedure, five patients (22.7%) presented significant bleeding (over 1000 ml). Three of these patients were Shamblin III and two were Shamblin II, and the former had incorrect preoperative diagnoses.
Among the five Shamblin III patients, three (60%) had postoperative neurological sequelae. One patient had a sympathetic chain deficit that evolved to Horner's syndrome. The second had a vagus nerve deficit and evolved with hoarseness and the third patient had a transient ischemic attack that resolved completely one day after the symptoms, without late neurological sequelae.
Twelve patients (54.5 %) had moderate bleeding (ranging from 200 to less than 1000 ml). Of these, nine patients (75%)
were Shamblin II and three (25%) were Shamblin III. In this In the five remaining patients (22.7%), the intraoperative bleeding was considered to be minimal (up to 200 ml).
These patients were all Shamblin I or II and none had neurological sequelae.
In nine of our patients (40.9%), some form of vascular procedure was needed. Seven patients (31.8%) needed external carotid ligation and three of these needed en-block resection of the carotid bulb. In two cases, there was a need for intraluminal vascular shunts for arterial reconstruction. In such cases, the possibilities of distal clot formation and stroke need to be borne in mind, and in one of our patients, this was managed by using distal artery aspiration, with a flexible arterial catheter and a 10 ml syringe. Through this, the clot was removed with immediate reflux of the distal internal carotid artery, without sequelae. The vascular reconstruction was done using a saphenous vein graft in one patient, and end-to-end anastomosis between the common and the internal carotid artery in the other two patients. Intraluminal shunt was used in these cases to prevent stroke.
Graph 1 presents the intraoperative bleeding according to the Shamblin classification, and shows the relationship between the bleeding and higher Shamblin classification.
Considering all the patients, the bleeding ranged from 50 ml to 2,000 ml, with a mean of 667 milliliters.
In total, four patients (18.1%) had neurological sequelae 
DISCUSSION
The carotid body is a structure that measures around 2 x 3 x 5 millimeters, located at the common carotid artery bifurcation, in the adventitia between the external and internal carotids. It contains chemoreceptors that are sensitive to hypoxia, hypercapnia and acidosis, and aims to maintain the body's homeostasis and blood pressure. As reported by Kapoor et al., this structure was first described by Von Haller in 1743. 6 The incidence of this tumor is greater at higher altitudes, due to the chronic hypoxia. 7 There have been several reports in the literature mentioning absence of significant predominance between the genders, although our series showed predominance of females (63.6%). These tumors are difficult to diagnose because of their rarity and few manifested symptoms. The paramount clinical characteristic is a pulsatile cervical mass. As reported in the literature, the diagnosis can be confused even with benign conditions, including congenital branchial cysts 13 or other benign conditions. Thus, as pointed out in the literature, a pulsatile mass near the carotid bulb, in the absence of any suggestion of metastatic disease, should raise the possible diagnosis of chemodectoma and should be followed by specific arterial imaging studies. FNA was helpful for the diagnosis in the cases of four patients in our study. However, this procedure may be dangerous and performing it is controversial because of the risk of bleeding. in the initial approach. 17 However, CT scans or magnetic resonance imaging are better for identifying the dimensions and anatomical correlations of the tumor. 18 The main diagnostic tool is arterial studies such as contrast angiography, computed angiotomography or magnetic resonance angiography (MRA), thereby confirming or not confirming the suspected diagnosis. The MRA seems to be preferable nowadays. 14 In the literature, the best treatment is considered to be surgical, with dissection of the tumor in the sub-adventitial avascular plane of the artery. 12 Large tumors (Shamblin II and III) may require vascular procedures, including repairs, sutures and resections of the arterial segments. 19 At times, it may be necessary to sacrifice the external carotid artery, perform anastomosis between the internal and common carotid arteries or undertake vascular reconstruction with grafts. [11] [12] [13] 20, 21 Some authors have described use of a stent inserted into the internal carotid artery before the surgery, in cases presenting as Shamblin III with complete involvement of this artery. 22 Occurrences of technical complications in anastomoses between the common and internal carotid arteries after resection of the carotid body have also been reported in the literature. These cases evolved with several hematomas and, in some cases, with stroke caused by deficits of cerebral irrigation. 8, 13, 23 This complication did not occur in our series.
In patients with bilateral tumors, obviously, the procedures should not be done at the same time, but spaced out one from another, especially because of possible vascular or cranial nerve lesions. 8 Conservative treatment should be reserved for patients who are not suitable for surgery, such as clinically unstable patients, extremely old patients or those with the certainty of stroke. Some authors have suggested that radiotherapy could be used, but this is not recommended by most institutions.
Furthermore, studies have shown that this therapeutic method is ineffective in these tumors. 3, [24] [25] [26] [27] [28] Embolization is another therapeutic method, usually done prior to the surgical procedure, as an attempt to decrease intraoperative bleeding. 21, 29 However, this demands specialized skill and also has the risk of possible significant vascular complications and cranial nerve deficits. In our service, the patients were treated without preoperative embolization. In the literature, it is mentioned that vascular complications and cranial nerve deficits can occur in about 33% of the patients. 1, 11 A famous study at the Mayo Clinic evaluated patients' complications compared between three periods of that institution's surgical history. It was concluded that, despite the decreases in vascular complications and mortality over the course of time, through better diagnostic methods and surgical technologies or skills, the rate of neurological injuries was not statistically different between the three periods studied, spanning a total of fifty years. 30 In our series, cranial nerve deficits occurred in two patients, involving the IX, X and XII pairs. We had another patient who evolved with sympathetic chain palsy. Power et al.
demonstrated that preoperative embolization may have some benefits for the surgical approach, especially relating to surgical bleeding, but the patients that they followed up did not present any differences in definitive neurological sequelae. 16 Although our series did not have any cases of malignant chemodectoma, it is important to mention that the malignant potential has been reported to be around 2-6 % in the literature, most frequently with metastasis to regional lymph nodes. 8, 23 Some authors have prescribed chemotherapy for metastasized cases. 31 Finally, although we did not have any cases of mortality, the literature mentions a mortality rate of less than 2%. 
